In the work a brief discussion of the structural and magnetic properties of the manganites from the point of view of the micro-and macrostructures is presented. The influence of stoichiometry with the different oxygen parameter δ and doped atoms is discussed. The correlation between the crystal structure parameters and magnetic properties for some manganites is presented.
Introduction
Manganese perovskites with the general formula A 1−x A MnO 3+δ (A = La, rare earth, A = rare earth, Ca, Sr, Ba, etc.) were discovered in the 1950's [1] and soon after their properties were extensively studied. The interest in the manganite has been renewed in connection with the discovery of colossal magnetoresistance (CMR) [2, 3] . Structural and magnetic properties of these compounds are sensitive both to the manganese valence and to internal (chemical) factors.
The family of these compounds, where the formula can be written in a general way as ABO 3 , is the mineral "perovskite" (CaTiO 3 ) form of the ideal cubic structure (space group P m3m). In the crystal unit cell the atoms occupy the following positions: A (0, 0, 0), B (1/2, 1/2, 1/2) and O (1/2, 0, 1/2), (1/2, 1/2, 0) and (0, 1/2, 1/2). The stability of this structure is governed by the structural factor t = rA+rO √ 2(r B +r O )
, where r A , r B , and r O are the radius of A 3+ , B 3+ and O 2− ions. For t between 0.8 and 1.0 the above mentioned type of crystal structure is stable. With changes in the valence of the ions the ionic radius changes and this could lead to a structural phase transition to the rhombohedral or orthorhombic phase and changes in the magnetic properties. The magnetic properties are correlated with the short and/or long-range charge, orbital and spin order. Significant role plays here also the separation of the phases with different properties and the Jahn-Teller effect which causes a distortion of the lattice. The role of these factors is discussed in the paper [4] .
In this work the different points concerning the structural aspects and their influence on the magnetic properties of these compounds will be successively reviewed below.
Results

Influence of stoichiometry
LaMnO 3 has the orthorhombic crystal structure (space group P nma) and is antiferromagnetic with the Néel temperature equal to 140 K. Their magnetic structure is represented by an antiferromagnetic lattice consisting of ferromagnetic layers of Mn magnetic moments but the alternating (100) planes have the opposite spin directions. The Mn 3+ -O 2− -Mn 3+ ions are coupled ferromagnetically in the (001) planes and antiferromagnetically along the c-axis [5] . The exchange integrals are equal to +0.83 and −0.58 meV, respectively [6] . The influence of the nonstoichiometry on the magnetic properties is observed in LaMnO 3+δ systems. The increase of δ up to 0.1 does not cause any change in the crystal structure but changes the magnetic properties: the coexistence of the antiferro-and ferromagnetic ordering for δ = 0.025 and 0.07 and ferromagnetic ordering for δ = 0.1 is observed. For δ = 0.15 the change of the crystal structure to a hexagonal one is observed (see Table I ).
TABLE I
Structural and magnetic data for LaMnO 3+δ compounds. δ -the oxygen parameter, σJT -the Jahn-Teller distortion parameter, TN,C -the Néel or Curie temperature, µAF -magnetic moments in the antiferro-and µF -in the ferromagnetic phase [7] . The change of the magnetic properties is accompanied by a drastic reduction of the static Jahn-Teller distortion of the MnO 6 octahedra. The magnetic behaviour is interpreted by taking into account two effects caused by the increase in δ: the cation vacancies and the Mn 4+ /Mn bond angle value, which favor the Mn 4+ -O 2− -Mn 3+ double exchange interaction. For 0.025 ≤ δ ≤ 0.07 the phase separation is also observed [7] .
The deficit of the La or Mn atoms leads also to the change of magnetic properties from antiferro-to a ferromagnetic [8] [9] [10] .
Influence of doped atoms
For the mixed manganites with the chemical composition R 1−x A x MnO 3 , where R is a trivalent rare earth ion (La 3+ , Pr 3+ , Nd 3+ ) and A is replaced by a divalent ion (Sr 2+ , Ca 2+ , Ba 2+ ) the phase diagrams indicate the change of the magnetic structure and transport properties in a function of the A 2+ ion content from an antiferromagnetic insulator for x = 0 to a ferromagnetic metallic for x > 0. The magnetic phase boundary separates also a low temperature metallic phase from a high-temperature insulating one. It results in very large values of magnetoresistance at T c [3, 11] .
The explanation of these complex properties gives the electron diffraction experiment carried out for La 0.5 Ca 0.5 MnO 3 . This compound is an antiferromagnet below T N = 155 K and a ferromagnetic between T N and T C = 225 K. In the electron diffraction pattern at T = 95 K the additional reflection described by the propagation vector k = (1/3, 0, 0) or (0, 1/3, 0) is observed. This ordering exists up to T C . The electron microscopy confirms the existence of stripes with the period of 11 Å for x = 0.5 and 16.5 Å for x = 0.67 [12] . The existence of the stripes is connected with the charge-ordering as well as with the order of d z 2 orbital of the Mn 3+ ions. In the Pr 1−x Ca x MnO 3 (x = 0.4 and 0.5) compound a correlation between charge, orbital and spin ordering is observed [13] . Analysis of the diffraction pattern obtained by the synchrotron radiation indicates existence of three groups of the Bragg reflections:
-(0, 2k, 0), where k is an integer number corresponding to the fundamental reflection,
-(0, 2k + 1, 0) is connected with the charge order,
is connected with the orbital order.
The intensities of the Bragg reflections connected with the charge and the orbital order decrease to zero at T 0 = 245 K, whereas the antiferromagnetic order disappears at T N ≈ 175 K.
The analysis of the half-width at the half-height of the Bragg reflections gives the correlation length of the orbital order equal to 320(10) Å for x = 0.4 and 160(10) Å for x = 0.5 while the orbital order correlation length is larger than 2000 Å [13] .
Neutron diffraction data give the following values of the magnetic correlation lengths: 200-400 Å for Mn Very interesting results were obtained by the investigations of the isotopic effect.
In the (La 1−y Pr y ) 0.7 Ca 0.3 MnO 3 compounds substitution of the 16 O isotope by 18 O caused the change of the transport properties from metal to insulator [14] . For compounds with y = 0.75 neutron diffraction data for the sample with the 18 O isotope give an additional reflection of the magnetic origin correlated with the propagation vector k = (1/2, 0, 1/2) which corresponds to an antiferromagnetic structure. These data indicate a noncollinear structure for the 16 (Fig. 1) . and c) and the unit cell volume (V ) on the Pr content in La1−xPrxMnO3 determined basing on the X-ray diffraction data collected at room temperature in the function of x and the average ions radius in the A sublattice rA [17] . • implicating a strong distortion of the crystal structure. The distortion site is connected with the Jahn-Teller effect. The Jahn-Teller distortions were determined using the relation
where (Mn-O) i are the experimental values of the interatomic distances determined from the X-ray and neutron diffraction experiments and Mn-O is the average bond length. The value of the σ JT parameter increases with increasing x (see Table II ). This is in good agreement with the change of the temperature distortion T JT . Figure 2 shows the concentration x dependence of the critical temperature of the magnetic origin and T JT temperature of the orbital order-disorder transition. In LaMnO 3 at T JT = 780 K a distortion of the MnO 6 octahedra and an orbital ordering is observed. In the La 1−x Nd x MnO 6 systems the values of T JT linearly increase with increasing Nd content up to 1175 K [16] . Magnetic and neutron diffraction data show complex magnetic properties. The Bragg peaks in the neutron diffraction pattern correspond for x ≤ 0.6 ferro-while [17, 18] and TJT temperature of the orbital order-disorder transition for La1−xNdxMnO3 [16] .
for 0.7 ≤ x ≤ 0.9 correspond to ferro-and antiferromagnetic structures. This suggests the coexistence of two phases with different magnetic ordering or canted magnetic structure. The presented result does not give a clear distinction between those possibilities. The doped Pr 3+ or Nd 3+ ions cause also a decrease in the critical temperature of the magnetic phase transitions. In RMnO 3 (R = Pr and Nd) the Mn magnetic moments form a collinear structure [17, 18] . In NdMnO 3 the Nd magnetic moments order ferromagnetically at low temperatures which are in good agreement with the temperature dependence of the ac magnetic susceptibility and the specific heat measurements [19] .
The value of the Mn magnetic moment in the ferromagnetic phase is close to 3.5 µ B which confirms that, in the sample, there is a mixture of the Mn 3+ ions with the electronic structure (t 
Summary
The results presented in the paper show strong correlation between the crystal structure parameters and magnetic properties of the manganites.
The non--stoichiometry and doped atoms cause the changes in the magnetic properties as a result of introduced holes in the Mn sites. ). In the Mn 3+ ion, the t 2g electrons are tightly bound to the ion but e g electron is itinerant. The hopping of the e g electrons between the Mn sites induces the double exchange interaction [20] . There are two possible interactions between orbitals of the Mn ions: The competition between these two interactions leads to the different types of magnetic ordering and complex magnetic phase diagrams observed in the mixed manganites. The majority of these compounds crystallize in the orthorhombic crystal structure. In this structure the Jahn-Teller effect is observed and influences the crystal structure and magnetic properties. In some manganites it is connected with the charge order or separation of different phases connected with the spin order (antiferro-and ferromagnetic) in the microscopic scale over many tens of nanometers. In the case of thin films a charge order at the centers of domain walls is observed. This promotes charge ordering on short length scales [4] . In the complex oxides and manganites ordered or disordered structures are observed over different length scales. The differences in ionic radius generate long-range effects leading to new structural symmetries. Long-range correlations can also lead to metallic behaviour, ferromagnetism and charge-ordered stripes.
